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CHAPTER 1: INTRODUCTION

PROBLEM STATEMENT

Establishing, maintaining, and enhancing the statewide network of roads are
among the most important goals of any State highway agency. These require huge
investments of both financial and human resources year in and year out. Accordingly, it
makes good sense to apply sound engineering practices to ensure these resources are
allocated wisely.

For designing the new roadways (or rehabilitating existing ones), there are
alternative methodologies available to engineers (including those used by ADOT) which
call for a number of inputs that can significantly affect the design output. One of the
fundamental and universally sought parameters that influences all new pavement and
rehabilitation design decisions is traffic. For a given road segment, accurate estimates of
current and projected traffic (in terms of Equivalent Single Axle Loads (ESALSs)) can
result in significant cost savings, either from the standpoint of initial construction cost or
future maintenance and rehabilitation cost. In other words, accurate ESAL estimates help
produce better pavement thickness designs and/or more realistic determinations of the
performance lives of newly-constructed (or rehabilitated) pavements.

ADOT currently has an ESAL design table developed in the mid-80s that, for a
given road segment, uses average ESAL vehicle factors, traffic volume, and vehicle
classification data to generate base year, 10-year and 20-year estimates of accumulated
ESALs. Since that time, significant progress has been made in the automated collection
of vehicle weight and classification data. ADOT currently has 14 weigh-in-motion
(WIM) sites and nine automatic vehicle classifier (AVC) sites maintained as a part of the
Long-Term Pavement Performance (LTPP) Program. The Traffic Planning Group (TPG)
maintains an additional six WIM sites and two AVC sites.

Thus, research was needed to evaluate and then enhance the existing ESAL
design table incorporating the new monitoring data that is now available. It was also
important to determine whether existing monitoring systems are collecting quality data,
and whether the existing systems satisfactorily cover the key highway segments in
Arizona.

OBJECTIVE

The primary objective of the project was to prepare a new ESAL design table for
Arizona's highway network. This new table is based on analysis of current traffic data
collection procedures, traffic forecasting methodology, and ESAL development
procedures including the assignment of traffic ESAL levels to the various highway
segments. It is also based on new information such as those provided by WIM systems.
Through the course of this project, a plan was developed and presented in this report for
future review and update of the ESAL table on a routine (i.e., yearly) basis. There are



recommendations made for installing 10 WIM sites. Also, a system methodology for
assessment of future needs for WM and AVC sites is presented in this report focusing on
technology, installation, operation, and maintenance issues.

SCOPE

As stated in the Objective, the primary focus of this project was to develop a new
ESAL table for future pavement designs. This table was developed using the best
available data provided by ADOT. No data was collected by the project team.

RESEARCH APPROACH (NEW ESAL TABLE)

There are three major types of data collected by ADOT, namely: vehicle counts,
vehicle classification, and vehicle weights. The first two are collected either manually or
automnatically, while the latter is collected using WIM technology. The research team
analyzed all types of available collected data and utilized the most representative data to
produce the new ESAL table. The existing ESAL table consists of over 1,000 highway
segments. These segments were not changed as a part of this study. Each segment has:

e An annual average daily traffic (AADT).

e The percent trucks based on the total traffic stream.

o The class breakdown of vehicle types based upon the Federal Highway's 13
class scheme.

e An annual growth factor and an ESAL value for both a flexible and a ri gid
pavement.

ADOT performs vehicle counts on all segments either annually (for high volume
roads) or every 3 years (for all other roads). Classification data is collected either
manually using 6-hour counts or automatically using 48-hour counts and also follows
either an annual or a 3-year rotation. Given the costs of collecting classification data, a
number of segments in the ESAL table are assigned to the most representative
classification station. There are also a number of AVC/WIM systems that were installed
primarily to support the LTPP program. The TPG does have four AVC/WIM sites that
collect classification and weight data. The data from the WIM sites were utilized to
determine the average ESAL factors for each Federal Highway Administration (FHWA)
vehicle class 4-13. Final ESAL values were based upon the weighted average of the
vehicles on each particular roadway segment. Sections that had a WIM representing its
classification station used ESAL values based on measured data. Sections with no WIM
systems representing their classification station used average ESAL factors based on a
statewide average.

OVERVIEW OF REPORT

Accomplishment of this project required the following tasks.
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Task A. Review the scope of work and work plan at a kick-off meeting between
the ADOT project Technical Advisory Committee (TAC) and key members of the
investigating team.

Task B. Review the current traffic data collection, analysis and forecasting
procedures used by ADOT. This included WIM and AVC information as well as other
manual and automated collection techniques.

Task C. Review ADOT"s procedures for developing its existing ESAL design
table. The information gathered under Task B was used extensively in this task and a
thorough review of the existing design tables (as provided by ADOT) was performed.

Task D. Recommend changes to the current procedures which can be
incorporated into ADOT'"s practice. Formulate a plan for updating these in future years.
The future data should be utilized to improve the existing traffic distribution, growth
factor estimates, weight distribution algorithms, and ESAL calculations.

Task E. Prepare a new ESAL design table for the ADOT highway network based
upon the new procedures and the best available traffic data.

Task F. Undertake an assessment of WIM and AVC data needs with due
consideration as to cost, towards optimizing the contribution of continuous automated
data sites in the development of ESAL table. Recommend 10-12 core sites along with
another list of key sites, making an estimate of installed cost (where applicable),
operation and maintenance costs in both equipment and staff.

This report contains a separate chapter for each task, as well as a final chapter
containing the conclusions and recommendations of the research team.






CHAPTER 2: KICK-OFF MEETING

Shortly after the awarding of the contract, a kick-off meeting was scheduled
between the project team and the ADOT TAC. The purpose of this meeting was to
discuss the key elements of the project, identifying the data sources that would be
required and establishing key contact for providing the data.

MEETING OVERVIEW

The kick-off meeting between ADOT project TAC and key members of the NCE
team took place on December 2, 1998. NCE's principal investigator, project engineer,
and technical advisor participated in a 1-day meeting with the TAC to review the scope
of work and work plan in detail. A draft agenda for this meeting was prepared by NCE
and was circulated among the project team (ADOT and NCE) for their review and
comment in advance of the meeting date. A final meeting agenda based on input from
the ADOT TAC and NCE project team was prepared and circulated just prior to the
meeting date.

The meeting lasted over 3 hours, during which the NCE team was able to become
familiar with the ADOT groups (and points of contact) involved the in traffic data
collection and analysis. The project objectives were discussed and the work plan was
thoroughly reviewed. The topics that received significant attention were the importance
of getting as much information as possible regarding the existing ADOT ESAL tables
and the traffic growth rates. It was decided that NCE would generate growth information
based on the best available data and forecasting methods currently used by ADOT and
other relevant agencies (i.e., the Maricopa Association of Governments in the Greater
Phoenix Area). In the latter part of the meeting, NCE presented a wish list for data that
needed to be evaluated in this project. Contact persons were identified for each data
element. Table 2.1 summarizes all the materials provided to the NCE team.

Table 2.1. Data provided by ADOT.

Data Type
Hardcopy and electronic version of existing ESAL table
ADT File from Traffic Planning Group--not known if it will be hardcopy or electronic
ADOT's adaptation of American Association of State Highway and Transportation Officials (AASHTO)
ESAL Calculation (George Way and John Eisenberg)
"Interesting” trends in traffic data as identified by George Way (waywim.xls)
Data related to how growth factors are/were calculated
Data related to how growth factors are/were calculated
Vehicle volume and classification data
Transportation Planning Group WIM data--three WIM sites
Transportation Planning Group WIM data--fourth WIM site
List of weigh scales in Arizona
AIMRSNVI.xls--Growth factors for key segments for 1997
A2USSNVI.xls--Seasonal distributions for key segments for 1997
A3FTSNVIJ.xls--Load factors by axle group for 1997




Table 2.1. Data provided by ADOT (continued).

Data Type
Transportation Planning Group traffic count data
Transportation Planning Group classification data--138 sites with classification data for 1997
(vcls9704.x1s); manual classification surveys from 1996, 1997 and 1998
Relevant literature and reports from 1986 ESAL study
ADT Growth regression performed in 1990 (hardcopy)
Maricopa Association of Governments Conformity Analysis Appendices, Volume 2
Pima Association of Governments Regional Transportation Improvement Program Tucson)
Information regarding base year for ESAL table
Input files for TRAFPROG or TRAF18K (as applicable)
Description of WIM systems for TPG WIM systemns
Locations of classification sites
Definition of percent trucks in "Traffic on the Arizona State Highway System 1997"

Information regarding which fields in "Traffic on the Arizona State Highway System 1997" are
measured and which are calculated
Description of how growth factors are determined in the Excel file containing regional growth factors

Documentation describing the Axle Factors by Axle Factor Group Excel spreadsheet--Chaparral may
have, ADOT does not
Conversion from FHWA classification scheme to ADOT ESAL table classification scheme

Information on how much data the ADOT ATR sites collect
Information on regional groups 8 and 99
1996 classification data

Following the meeting, NCE compiled the meeting notes and submitted a draft set
to the project manager for review. Upon receiving feedback on those draft minutes, the
official minutes were sent to all members of the TAC. The final minutes form this
meeting are found in appendix A.



CHAPTER 3: REVIEW PROCEDURES FOR TRAFFIC DATA COLLECTION,
ANALYSIS, AND FORECASTING

The State of Arizona has a roadway network comprised of interstates, primary
and secondary roads. The roadway network maintained by ADOT has been divided up
into segments, which represent roadway sections with unique traffic and/or geometric
constraints. The traffic data used in this study was collected almost ennrely by ADOT.
Understanding this data was of utmost importance before any meaningful progress could
be made. This chapter reviews the traffic data collection, analysis, and forecasting
methodologies currently used by ADOT.

COLLECTED TRAFFIC DATA

The following is a brief description of each data type that is currently available for
use in the new ESAL table. Each data group is important in either the determination of
the number of vehicles passing a roadway segment or the type and weight of vehicles.

AVERAGE ANNUAL DAILY TRAFFIC COUNTS

The vast majority (over 90 percent) of traffic volume counts performed by ADOT
consist of either 24-hour or 48-hour counts using pneumatic road tubes or inductive
loops. These counts are collected on a rotational basis, with some high volume areas
being counted annually, but most areas being collected every 3 years. These counts are
expanded into AADT values using a series of factors that will be described later in the
ADOQOT data analysis section of this report.

6-HOUR MANUAL TRAFFIC COUNTS FOR VEHICLE CLASSIFICATION

This data is collected by ADOT on a 3-year rotational basis. The 6-hour manual
classifications are not factored in any way and are used primarily to provide ADOT with
two sources of information. The first piece of information is axle correction factors for
pneumatic tube-based traffic counts and the second is the percentage of the AADT that is
generated by commercial vehicles. The collection process of manual data is very labor
intensive and costly. Only 30 percent of the approximately 140 classification stations use
manual counts.

48-HOUR COUNTS FOR VEHICLE CLASSIFICATION

Like the 6-hour manual counts, the 48-hour counts are collected on a 3-year
rotational basis. The data is collected with portable programmable classification
equipment. As with the manual counts, axle correction factors and percentage of
commercial vehicles is determined. However, unlike the 6-hour counts, the 48-hour
counts are also used to determine AADT for the section of roadway in which they are
collecting data. Seventy percent of the classification stations use these machine counts.



AUTOMATED TRAFFIC RECORDER (ATR)

This data is collected by ADOT, and has passed all internal quality checks, for
different time intervals throughout the year. This data was not supplied to NCE in raw
form, but it is used by ADOT to develop growth, seasonal, and axle factors for AADT
calculations. In discussions with ADOT, it was learned that there are approximately 80
ATR sites in Arizona that ideally would all be collecting data continuously. However,
due to equipment maintenance requirements and manpower constraints, there are
typically 50 ATR sites functioning at any one time.

LTPP AND ADOT TRAFFIC PLANNING GROUP (TPG)
COLLECTED DATA

AVC/WIM

As part of the LTPP program, there is a requirement to collect AVC and WIM
data. ADOT currently has nine AVC sites and 16 WIM sites functioning as part of the
LTPP program. Table 3.1 and figures 3.1 and 3.2 list these sites and show their locations.
The TPG has four additional sites at which AVC/WIM data is collected. This data
includes calculations of the yearly truck volumes by truck classification and trucks as a
percent of total traffic.

Table 3-1. LTPP Arizona WIM/AVC sites.

Arizona/ATRC Site Site Location SHRP WIM/AVC
# and;;;: ment Rm(xltgnfc/l)l\/l P b Status Make Sensor
025 RIGID US-93 NB 052 0100 | PERM WIM PAT BENDING PLATE
026 RIGID I-10 EB 108 0200 | PERM WIM IRD BENDING PLATE
009 FLEX I-8 EB 159 0500 | PERM WIM PAT PIEZO
202 RIGID 1-40 EB 202 0600 | PERM WIM PAT BENDING PLATE
204 RIGID 1-40 WB 202 0600 | PERM WIM PAT BENDING PLATE
020 FLEX 1-40 WB 145 1002 | PERM WIM PAT PIEZO
012 FLEX I-I0WB 110 1006 | PERM WIM PAT PIEZO
011 FLEX I-I0 WB 115 1007 PERM WIM PAT PIEZO
005 FLEX 1-19 SB (029) 1015 PERM WIM IRD PIEZO
018 FLEX 1-40 EB 106 1024 | PERM WIM PAT PIEZO
010 FLEX SR-85 SB 141 6055 PERM WIM PAT PIEZO
006 FLEX I-19 NB (023) 6060 | PERM WIM PAT PIEZO
021 RIGID SR-101 NB 011 7079 | PERM WIM PAT PIEZO
024 RIGID US-60 WB 179 7613 PERM WIM PAT PIEZO
019 FLEX I-40 WB 113 1025 PERM AVC PORT WIM PAT PIEZO
015 FLEX SR-68 EB 001 1037 PERM AVC PORT WIM PAT PIEZO
023 FLEX 1-10 WB 123 1001 PERM AVC NO WIM PAT PIEZO
007 FLEX I-19 NB (054) 1017 PERM AVC NO WIM PAT PIEZO
013 FLEX R-95 SB 145 1034 | PERM AVC NO WIM PAT PIEZO
008 FLEX 1-19 SB (084) 6054 | PERM AVC NO WIM PAT PIEZO
022 RIGID 1-10 WB 130 7614 | PERM AVC NO WIM PAT PIEZO
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For the LTPP data, quality checks of the collected AVC/WIM data were
performed following the LTPP traffic Quality Control/Quality Assurance (QC/QA)
procedure. Once the data is processed using the LTPP traffic software, a LTPP regional
traffic engineer reviews the data, and a summary of questionable data is flagged. The
flagged data is then compiled for review by a senior traffic engineer familiar with
AVC/WIM data.

After the data review by the LTPP regional contractor is complete, the flagged
QC/QA packets are sent to the State DOT that collected the raw data. A State traffic
engineer reviews the flag list and decides if the DOT agrees with the findings. Once the
edited flag list is received from the DOT by the LTPP regional contractor, the data is
edited and summarized for use in the LTPP project. The edited LTPP AVC/WIM data is
then summarized for used by pavement researchers and designers. For the ADOT TPG
WIM data, the flag list process was done internally at NCE.

Maricopa County Traffic Data

An investigation was conducted for incorporating the traffic information from
Maricopa County into the ESAL tables. The information provided by Maricopa County
consisted of a report entitled Conformity Analysis for the Fiscal Year 1999-2003 MAG
Transportation Improvement Program and the MAG Long Range Transportation Plan
Summary and 1997 Update with 1998 Addendum. The report provides more of a network
summary of traffic information and is therefore not directly applicable to the segment
specific ESAL table. It is important to mention, however, that the report states that
"MAG (Maricopa Association of Governments) model estimates of 1997 VMT (vehicle
miles of travel) are within one percent of the 1997 HPMS (Highway Performance
Monitoring System) VMT that the Arizona Department of Transportation reported to the
FHWA on July 16, 1998."" Assuming the HPMS VMT is calculated from the same
ADOT traffic counts that the ESAL table is based on, it can be concluded that the ADOT
data being incorporated into the ESAL table is sufficiently close to MAG data.
Therefore, no special measures for incorporating MAG data into the ESAL table were
taken.

Pima County Data

Traffic data provided by Pima County was evaluated for its applicability and
possible incorporation into the ESAL tables. The information provided by Pima County
consisted of a map entitled Traffic Volumes in Metropolitan Tucson and Eastern Pima
County 1997-1998, and maps illustrating AADT estimates for the year 2020. The maps
illustrate AADT values for various freeway and arterial segments within the City of
Tucson and portions of Pima County. As a test, the 1997-1998 AADT values for all of
the freeway segments illustrated on the map were compared with the AADT values
provided by ADOT within its report Traffic on the Arizona Highway System 1 997.® The
AADT values matched exactly for all segments. As the map lists the Arizona
Department of Transportation as a source of traffic count information, this is not
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surprising. As it was concluded that Pima County data was based upon ADOT traffic
counts, no special measures for incorporating it into the ESAL table were taken.
However, a comparison of the Pima County AADT estimates for 2020 with the new
ESAL table forecasted AADT values is reported in chapter 5.

ADOT Data Analysis

As mentioned in the previous section, traffic volume counts are collected over a
24-hour or a 48-hour period. In order to convert these counts into annual values, it is
necessary to apply a number of factors. The methodology followed in expanding the
counts to AADT values is explained below.

Factor Groups

As explained by the TPG, Arizona is divided into sixteen factor groups, with one
extra group for "weird sites." The groupings are based solely on geographical locations
and do not account for the functional class of the road located within the group (i.e.,
interstate highway or state route), although there are factor groups named for I-8, I-10, I-
15,1-17,1-19, and I-40. The "weird site" grouping contains very few sections and these
are primarily segments that have relatively high percentages of recreational traffic where
seasonal and daily variations are not observed. These factor groups contain at least two
continuously operating automatic traffic recorders (ATRs) located within the group,
except for group 6 (one ATR), group 8 (zero ATRs), group 16 (zero ATR) and group 99
Weird Sites (zero ATRs). Group 8 had an ATR that is currently out of service but there
are plans to have it repaired.

There are three different factors applied to the factor groups, namely: growth,
seasonal, and axle factors. For sections that have no data collected during the year for
which the traffic tables are being completed, the previous year's data is adjusted based on
the factor group factors. The factor groups were determined by the contractor that
processes ADOT"s traffic data, and this process has been approved by FHWA.

Growth Factors

This data was provided by the TPG and contains the growth factors by growth
factor group for Arizona (table 3.2). The growth factors are calculated by comparing
AADTs from 1996 to those from 1997 at the ATRs. The growth rates from multiple
ATRs in a growth factor group are averaged to determine a single value for all sections
within a growth factor group. As mentioned above, if a particular section has not had any
measurements made in 1997, then the growth factor for the respective growth factor
group will be applied to the 1996 AADT. This value is a moving average from year to
year and therefore does not reflect any long-term trends. For growth factor groups that
do not contain a functional ATR, a growth factor of one is assumed.
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The factors listed in table 3.2 for determining average annual weekday traffic
(AAWDT) and average annual weekend traffic (AAWET) values had no relevance to this
study.

Table 3.2. Growth factors.

Incl'd AADT Incl'd AAWDT AAWET
Sites Growth Sites Conversion | Conversion

Growth Factor Group 96-97 Factor 1997 Factor Factor
0-Yuma Metro 2 1.2 2 0.99 0.95
1-1-8 1 1.17 2 0.92 1.06
2-1-10 West of PHX 1 1.17 2 0.95 1.03
3-Phoenix Metro 3 1.01 4 1.1 0.72
4-1-10 PHX-TUC 1 1.1 2 0.94 1.05
5-Tucson Metro * 1.06 2 1.03 0.91
6-1-10 East of TUC * 1 1 0.95 1.09
7-1-17 1 0.88 3 0.85 1.22
8-1-19 * 1 * 0.91 1.09
9-1-40 West of FLAG 1 0.99 2 0.96 1.07
10-1-40 East of FLAG 1 1.08 2 0.97 1.06
11-Southwest 1 1.19 3 0.93 1.06
12-West Central 4 1.04 9 0.96 1.01
13-East Central 7 1 14 0.95 1.01
14-North of 1-40 3 0.91 6 0.99 0.97
15-Extreme SE Corner 4 1.03 5 0.99 0.99
16-1-15 * 1 * 1 1
99-Weird Sites * 1 * 1 1

Note 1: AAWDT conversion factor = AAWDT/AADT. AAWDT includes Monday -
Thursday.
Note 2: AAWET conversion factor = AAWET/AADT. AAWET includes Saturday - Sunday.

Note 3: Included sites must have at least one month of data.

Each month must have at least one day(s) of data for each day of week.
Note 4: * - Factor value was supplied by system operator.
Note 5: + - Factor value was supplied by system operator and replaced

a value calculated from data.

Seasonal Factors

This data was provided by the TPG and contains the daily and seasonal
adjustment factors by seasonal factor group for Arizona. These values are determined by
comparing the AADT values by day of the week and by month of the year at each ATR
in each growth factor group. In seasonal factor groups that have multiple ATRs, the
values from each ATR are averaged. Each factor group has its own seasonal factor.
Table 3.3 shows seasonal factor group 0.
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For days of the month and months of the year for which no ATR data is available,
these factors are estimated by the system operator.

Axle Factors

This data was provided by the TPG and contains monthly axle factors by axle
factor group (table 3.4). Although monthly factors are shown, there is no variation from
month-to-month for an axle factor within a particular axle factor group. The reason for
this is that each value is determined based upon the vehicle classification data, and the
classification data is only collected for a maximum of 48 hours at a particular site. If
continuous classification data were to be collected, then this table could show variation
from month-to-month.

These factors are only applied to data that was collected by road tubes (as
opposed to the ATRs or inductive loops). When applying the axle factor, the value from
the table should be doubled and then factored out to be a 24-hour count (if it was
collected as a 48-hour sample) to obtain the adjusted raw volume.

FORECASTING
Very little information was provided discussing forecasting methodologies

utilized by ADOT, and the information that was provided fits most appropriately in the
next chapter, which discusses the existing ESAL table.
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CHAPTER 4: REVIEW PROCEDURES FOR DEVELOPING
ESAL DESIGN TABLES

The focus of this chapter is to review the current ADOT ESAL table. This table
was originally developed in 1986 and was most recently updated in 1997.

CURRENT ESAL TABLE

As referenced in table 2.1, the current ADOT ESAL table was received in
electronic and hardcopy formats. This table has been examined to determine the number
of highway segments and analysis methodologies included within the spreadsheet. The
document explaining ADOT's current method for calculating ESALSs has also been
received and reviewed. Table 4.1 is a portion of the existing ESAL table.

There are 1,040 segments in the existing ESAL table. Each row in the table
contains the same types of information. The first three columns, highway and milepost,
give the location of the traffic section (column 4). The traffic section number is unique
and 1s generally consecutive, although there are occasions when the traffic volume
increases to the point where a section needs to be subdivided. In these instances, a new
section number is introduced (such as section 1161 in between sections 6 and 7 in table
4.1).

In chapter 3, it was noted that there are approximately 140 classification stations
located throughout Arizona. The traffic sections have classification data from the most
representative station, as determined by ADOT, assigned to them (e.g., sections 1-5 use
the classification data from station 42). Columns 10-16 contain the information collected
at these classification stations. Column 10 is the percent of commercial traffic, which
ranges from 20 percent to 69 percent with an average of 43 percent. Columns 11-15 are
the percent of each truck classification within the percent commercial traffic identified in
column 10. Table 4.2 shows the range and mean values for each classification. Column
16 contains information on bus traffic, which ranges from 0.1 percent to 1.6 percent with
a mean of 0.4 percent.

Column 9 contains the 1997 percent annual growth factors. These factors have
generally remained unchanged since 1991. Some factors were manually changed over
time by experts from ADOT using their best judgement observing changing trends
between 1991 and 1997. Column 6 contains the two way AADT as calculated in 1991
(this is a discrete value in the spreadsheet). Columns 7 and 8, however, contain equations
that calculate the AADTs in 1997 and 2017, respectively. The basic equation is: 1991
AADT*(1+(Year X-1991)*(percent annual growth)), where Year X is 1997 or 2017.
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The table also includes two identical sets of ESAL values for 1997, 2007 and
2017. The first set (columns 17-22) are calculated by multiplying the value in each
corresponding column (23-28) by 1 (e.g., column 23 multiplied by 1 equals column 17).
The key value in columns 17-28 is found in column 23. This is the 1997 flexible ESAL
value. This cell contains an equation that is found by taking the 1997 ADT (two-way)
divided by two multiplied by percent commercial vehicles divided by 100 multiplied by
100 minus light trucks multiplied by 100 multiplied by 1.4 (or 1.7) multiplied by 365
divided by 1000 (i.e., (((((1997 ADT/2)*((% Com/100)))*((100-% LT)/100))*1.4 (or
1.7)*¥365)/1000)). The flexible 2007 (column 24) value takes the flexible 1997 value and
multiplies it by 12.5, while the flexible 2017 ESAL value (column 25) multiplies the
flexible 1997 ESAL value by 31. The corresponding rigid ESAL values (columns 26-28)
are determined by multiplying the flexible ESAL value by 1.12.

Table 4.2. Range and mean values for Arizona truck classifications.

Light Medium Tractor and | Truckand | Tractor and

Truck Truck Semi-Trailer Trailer Semi-Trailer
Minimum (%) 28.1 3 0.3 0 0
Maximum (%) 95.2 36.6 53.8 5.3 5.6
Mean (%) 73 12.1 12.5 1.4 1.1

Discussions with ADOT personnel revealed that there have been a number of
simplifying assumptions made that may not have been documented, but of which the
ADOT materials group are well aware. The primary assumptions are that for 1997, the
commercial vehicles (excluding the light truck category) contribute a factor of 1.4 ESALs
per vehicle (except for the Interstate 40 and U.S. 93 corridors for which the factor is 1.7
ESALs per vehicle), the 10-year ESAL multiplier is 12.5, and the 20-year ESAL
multiplier is 31. These numbers were determined to be defendable by the materials group
and account for such factors as expected increases in tire pressures and vehicle weights
over time.
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CHAPTER 5: RECOMMEND CHANGES TO CURRENT PROCEDURES

There is significant overlap between items in chapter 5 and their subsequent
application in chapter 6. This is due to the close tie between the NCE team's
recommendations and their subsequent effect on the revised ESAL table. Ideally, every
segment in Arizona would have its own continuous and calibrated AVC/WIM system.
However, the cost of this instrumentation (not to mention the labor to maintain the
systems and collect and process the data) is prohibitive. The recommendations in this
chapter are believed to be implementable without significantly affecting the current
expenditures for traffic data collection.

FHWA VEHICLE CLASSIFICATION SYSTEM

Vehicles traveling in the United States come in many shapes and axle
configurations. This creates difficulties for State DOT personnel in the classification of
vehicle types on roadway networks. The FHWA has developed two methods of vehicle
classification that have been used in the Truck Weight Study (TWS). The two methods
developed are the 6-digit classification system and the 13-bin classification system. The
13-bin system is currently the most accepted system and is the current FHWA required
classification system (figure 5.1).

Prior to the 13-bin FHWA system; the USDOT used what is referred to as the 6-
digit system. This system is extremely flexible; however, it produces many different
vehicle types (i.e., more than 13). ADOT is currently using the 13-bin FHWA vehicle
classification system.

The 13-bin system allows a better understanding of the vehicle types on the
ADOT road network, and reflects the state-of-the-practice for State DOTs in the United
States. Additionally, the 13-bin system can be easily reduced into the more general
vehicle class system that has been used in the past (i.e., the LT, MT, TS, TT, TST scheme
in the existing ESAL table) if necessary. Both the TPG and the LTPP data is reported in
the 13-bin classification system, so no work will be required on behalf of ADOT to
implement this classification scheme into the new ESAL table.

TRAFFIC FORECASTING METHODOLOGY

As mentioned in chapter 4, there is not currently a mechanism by which AADT
forecasts are updated aside from manually updating growth factors. The existing growth
factors were determined by applying a linear regression to AADT data that extended
through 1991.
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NCE APPROACH TO AADT FORECASTING

The forecasting of AADT is important in the understanding of traffic movements
and for the calculation of ESALs in the ADOT ESAL table. ADOT has been collecting
AADT data for 1,040 traffic segment locations since 1974. This has been accomplished
by manual surveys, automated counting equipment, and more recently by AVC and WIM
systems. Upon the recommendation of the TAC, only the last 6 years of data was to be
used in any forecasting models.

The forecasting of AADT for all segments is critical in the revisions to the ADOT
ESAL table. The difficulty with forecasting traffic data is that not all traffic segments
have the same pattern of traffic growth. Additionally, traffic growth is triggered by many
factors that can not be foreseen or modeled. The NCE team decided to initiate the growth
factor analysis with the assumption that a linear trend in growth exists for most traffic
segments.- However, given the relatively small data set (as sites where traffic volumes
were collected every three years would only have two measured data points and four
points calculated using growth factors), only about 40 percent of the data showed a strong
linear correlation (i.e., R®> 0.6).

It was then determined by the project team that the most reasonable method to
determine the AADT growth factors was to average the average annual growth factors for
each year between 1992 and 1997. For sections with low AADTS, this resulted in some
extremely large growth factors, and there was some discussion whether to limit the
maximum annual growth, but it was decided that this would be outside the scope of the
project (since more familiarity with each specific site was required) and should be
decided by ADOT personnel. Sections with annual growth factors over 15 percent are
identified in the new ESAL table. In future years, as AADT values are added, it is
expected that fewer segments will need to be flagged as having questionable growth
factors.

NEGATIVE GROWTH

Another trend that was discovered in the AADT data during the analysis was that
some sections exhibited negative growth trends. A negative trend in AADT will directly
affect the trend in yearly and cumulative ESALs. After discussing this matter with the
TAC, it was decided that the minimum growth factor for any section would be 2 percent,
so sections with negative growth trends, or positive growth trends less than 2 percent,
would be modified to have a growth factor of 2 percent.

COMPARISON OF 2020 AADT ESTIMATES (PIMA COUNTY VS.NEW ESAL
TABLE DATA)

As a quality assurance check, the 2020 AADT estimates from the maps provided
by Pima County were compared with 2020 estimates of AADT from the new ADOT
ESAL table. Table 5.1 contains a listing of the 2020 AADT values provided by Pima
County, the 2020 AADT values computed by the new ESAL table, the percentage
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difference between the two, for 26 ADOT segments in Pima County and the theoretical
capacity (this will be defined in chapter 6) of each segment. The majority of the 2020
AADT values have a percent difference of less than 40 percent. These numbers compare
even better when they are constrained by the maximum theoretical capacity for each
roadway segment. While there would still be segments that differ significantly (segment
533 is the prime example), other segments (e.g., 245 and 246) would match almost
exactly. Considering the fact that 20-year traffic estimates are difficult to closely
estimate, the NCE team feels that this comparison confirms the AADT forecasting
methodology.

Table 5.1. Comparison of Pima County and ESAL table 2020 AADT values.

Pima Count NEW ADOT | % Diff. |Theoretical
ADOT Segment # 50 iy 2020 AADT Capacity
100 129,000 159,029 233 | 110,000
101 139,000 85,487 385 165,000
102 147,000 170903 163 | 165,000
103 139,000 106,395 735 165,000
104 152.000 110,580 772 165,000
105 172,000 156,08 92 165,000
106 173,000 184,620 %7 165,000
107 175,000 172.756 13 165,000
108 170,000 246,769 452 | 165,000
110 176,000 235.846 340 | 165,000
111 184,000 206412 22 | 165,000
115 82.000 93.363 139 | 110,000
116 76,000 152.664 7000 | 110,000
1174 66.000 160.495 1432 | 110,000
1178 79,000 160.495 1032 | 110,000
244 85.000 92,074 83 110,000
999 94.000 111,041 191 | 110000
245 110,000 139.049 272 | 110,000
246 110,000 140316 276 | 110,000
983 12,000 68.927 4744 | 55.000
551 20,000 38.701 940 | 55,000
552 54,000 139277 1576 | 110,000
553 55,000 587.170 9676 | 110,000
554 57,000 25.260 206 110,000
355 66.000 106,676 616 | 110,000
556 60,000 122552 1043 | 110,000

ESAL DEVELOPMENT PROCEDURES

The new ESAL table was sorted according to traffic volumes as well as percent
commercial vehicles. The segments in each area with the highest volumes or percent
vehicles were selected for the purposes of determining whether FHWA class 1-3 vehicles
(motorcycles, passenger cars and pick-up trucks) have a significant impact on the overall
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number of ESALs a segment will experience. It was found that these classes of vehicles
may be ignored for the purpose of calculating ESALs. As an example, a 4,000-pound
passenger car would generate 0.0004 ESALs. Therefore it would take over 6,000
passenger cars to equal the number of ESALSs of one fully loaded FHWA class 9 tractor
semi-trailer.

PROCESS FOR ESAL DISTRIBUTION

The data provided by the TPG and LTPP WIM sites provides the most consistent
source of weight data for each vehicle classification. While there is no need to modify
the classification sections set up by ADOT, it was important to incorporate the LTPP and
TPG WIM sites into the existing classification sections. Tables 5.2 and 5.3 present this
information.

Table 5.2. The location of LTPP WIM site relative to ADOT classification stations.

ADOT Classification Station Corresponding LTPP WIM Sites
20 0214, 1001, 1003, 1006, 1007, 7614
21 1034
26 1037
29 0114
31 1024, 1025, 1062, 1065
32 1002
46 6053
53 1036
62 0501
75 6054
76 1015, 1016, 1017, 1018, 6060
127 6055
142 7079
148 7613
151 0601

Table 5.3. The location of ADOT TPG WIM sites
relative to ADOT classification stations.

ADOT Classification Station Corresponding ADOT TPG WIM Sites
5 9006
21 9003
22 9004
46 9001

The WIM data passing the QC/QA checks described in chapter 3 was summarized
by site to yield yearly average load and percent vehicle truck data. The summaries
included percent trucks, average ESALs per truck type, and axle load spectrum. For
vehicle class 4-13, a reasonableness check was applied consisting of comparing the
average ESALSs per class for all years of data to the corresponding ESALSs calculated
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using the maximum legal gross vehicle weights (GVWs) for each class. Table 5.4
summarizes this comparison for flexible pavements.

Table 5.4. ADOT network average ESALs by vehicle class
for flexible pavement for all years.

Standard
Vehicle Class ngﬁlfv?::;e s Lo Deviation of WIM

verages
a 0.81 23 0.397
5 0.20 1.9 0.122
6 0.66 15 0.354
7 0.53 23 0.288
8 0.59 32 0.439
9 1.29 24 0532
10 1.25 I8 0.707
11 1.76 61 1.083
12 0.96 5.7 0.644
13 3.06 54 1.334

*Note: ESAL table values are based on SN=4 and P=2.5, using the
AASHTO® design procedure and 14 kip single unit front axle, 12
kip multiple unit front axle, 20 kip single axle, and 34 kip dual
tandem axle weights.

As expected, the average ESALs per class from the WIM sites is less than the
ESALs from the estimated maximum GVW. This is because some trucks are empty or
carrying a light cargo that fills the truck before loading the truck to the maximum GVW.
This is commonly observed and has been thoroughly studied by C. Dahlin of the
Minnesota DOT.*

Similarly, the ESALs by vehicle class for rigid pavements were also determined
(table 5.5). These values are similar to those in table 5.4, but are not exactly the same.
The ESALs from maximum gross vehicle weight were not computed (although they
would be very similar to those calculated in table 5.4). The pavement type of the LTPP
site, not the pavement type in which the sensors themselves are housed, were used to
determine whether the pavement was flexible or rigid.
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Table 5.5. ADOT network average ESALs by vehicle class
for rigid pavement for all years.

Vehicle | ESALs from Standard Deviation of | Two Standard Deviations
Class | WIM Average WIM Averages of WIM Averages
4 0.89 0.213 0.426
5 0.15 0.080 0.161
6 1.07 0.464 0.929
7 2.25 1.095 2.191
8 0.73 0.537 1.073
9 2.13 0.634 1.268
10 1.68 0.607 1.213
11 1.77 0.832 1.664
12 0.92 0.369 0.739
13 4.75 1.455 2.910

An important distinction that needs to be made is that the standard deviation noted
in tables 5.4 and 5.5 is the standard deviation of the average values of each WIM site. It
is not the standard deviation of all data collected at the sites within the flexible or rigid
pavement type groupings.

COMPARISON OF DATA FROM TWO ADJACENT LTPP WIM SITES

A study was undertaken to determine if similar traffic patterns existed between
relatively close WIM sites on a major interstate in Arizona. Two LTPP WIM sites were
selected: 041007 and 041006 on westbound I-10 west of Phoenix. The chosen sites were
5 miles apart and LTPP WIM data was collected for the truck lane at both sites.

The comparison results were very encouraging, as most heavy vehicle classes
showed little percent difference between the two sites using daily and yearly
comparisons. However, two vehicle classes did show differences that triggered further
investigation. The vehicle classes of concern were 5 and 8 (see appendix B, daily
comparisons). Figure 5.2 shows the comparison between vehicle types for the year 1996.
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FHWA Vehicle Comparison for LTPP sites 041006 and 041007 for 1996
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Figure 5.2. Annual comparison of FHWA class 4-13 vehicles between
041006 and 041007.

The experience NCE has gained through processing the Western Region WIM
data caused the team to question if the difference was due to Recreational Vehicles
(RVs). This suspicion was further fueled by the consistent trend of more vehicle classes
5 and 8 being observed at LTPP site 041007 as compared to site 041006. The team
questioned if these vehicles were leaving I-10 and traveling south on SR85. This
movement of vehicles was confirmed by ADOT personnel as SR85 is a route to a popular
resort destination on the Gulf of Mexico. Further, it was verified by ADOT TPG that the
actual number of class 5 and 8 vehicles is much less than what the data shows because
the AVC equipment is misclassifying these vehicles based on axle spacing parameters.
Other members of TAC stated that a significant number of class 9 vehicles also use the
SR855 by-pass, but as can be seen in figure 5.2, this is not shown in the data provided to
NCE.

COMPARITON OF LTPP AND TPG DATA FROM THE SAME
CLASSIFICATION STATION

There were two classification stations that have LTPP and TPG AVC/WIM
equipment installed: stations 21 and 46. The TPG data for station 21 did not pass the
QC/QA analysis, but the data for station 46 did. Unfortunately, there was not any
common year between the LTPP and TPG data, but it was possible to compare the annual
trends. This comparison is shown in table 5.6. For most classes, the data compares quite
well. However, almost 12 percent of the TPG vehicles fell in class 14 (unclassified). In
1998, almost 48 percent of the vehicles fell in class 14, which suggests that the TPG
system is in need of calibration (not included in table 5.6).
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Table 5.6. Comparison of LTPP and TPG AVC data in station 46.

Vehicle Classification (% by Class)
4 5 6 17 8 9 1011|1213 14
1993 - LTPP 2 1152)18106| 36 | 68 103]|58]1.7;02]| 0.8
1994 -LTPP | 17133 (1806 6.7 {673]04|55|1.6[04] 0.6
1995-LTPP 09| 5.7 [1.1]| O [145(595]02(47]14(0.1] 04
1996 - LTPP 1 1461121 0 |149161.1]103(49]13]02] 04
1997 - TPG L1} 14 | 1.7] 0 ]33 1643(03(23]09{0.11119

COMPARISON OF TPG DATA WITH CONTINUOUS AVC/WIM DATA

Within classification station 151 is an LTPP WIM system where the sensors
collect data in all lanes and both directions (typically, the sensors are only in the single
lane that contains the LTPP test section). At sites with all lanes instrumented, it is
possible to calculate the AADT and percent trucks (which otherwise is impossible
without making assumptions about traffic distribution, see appendix B). Table 5.7 shows
the results of the comparison between the continuous data collection and the TPG 6-hour
manual count for classification and mechanical count for AADT.

Table 5.7. Comparison of AADT and percent trucks between TPG and LTPP data.

Year | TPG | TPG % | LTPP | LTPP % | % Difference | % Difference

AADT | Trucks | AADT | Trucks AADT Trucks
1994 | 14068 31.3 12122 41.8 16 25
1995 | 14304 36.4 14210 40.6 0.7 10
1996 | 24900 11.5 14590 42.3 71 73

Between 1995 and 1996, the TPG data changes drastically while there is no such
fluctuation in the LTPP data. This highlights the variability inherent in expanding short
periods of data collection into annual values.

GROWTH FACTORS FOR ESAL PER VEHICLE CLASS AND CHANGES IN
MAKEUP OF TRUCK TRAFFIC

Observation of the LTPP WIM data has shown that the traffic makeup changes in
many ways with time. Change in AADT with time has already been discussed. Two
analyses were performed to look at other parameters that also change with time. Namely,
the change in the ESAL factors associated with each vehicle class over time and the
change in the makeup of the truck traffic over time.

The LTPP data revealed that the ESAL factors calculated from WIM data for each

truck classification varies from year-to-year. An investigation was conducted to see if a
general trend in the calculated ESAL factors could be established and consequently a
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recommendation be made on whether to incorporate the trend into the ESAL table. This
investigation revealed that although calculated ESAL factors may increase or decrease
over time for specific sites, in general, the ESAL factors appear to have remained
relatively constant from 1993 through 1997. This is logical as the maximum allowable
axle weights have not changed during that period. For this reason, the ESAL factors
incorporated into the ESAL table have not been adjusted with time.

In addition, the makeup of the truck traffic also changes over time. It has been
found that for the LTPP WIM sites for the years 1993 through 1997, the class 9 truck
percentage relative to the total truck traffic has increased in increments of approximately
2.5 percent per year.

% Class 9 Trucksuy = % Class 9 Trucks(oesy + 2.5% * (Year — 1993)

Note: Percent class 9 trucks in the above equation is relative to the total truck
traffic.

Relative to the entire traffic stream, class 9 trucks have increased in increments of
approximately 0.8 percent per year.

% Class 9 Trucksm) = % Class 9 Trucks(go3) + 0.8% * (Year — 1993)

Note: Percent class 9 trucks in the above equation is relative to the total traffic
stream.

This issue is worth revisiting in another 3 to 5 years to see if the trend in
increasing percentages of class 9 vehicles in the traffic stream is continuing. If it is,
consideration should be given to modifying the growth factor by vehicle class.

INVESTIGATION OF AVC AND WIM CALIBRATION
Current Practice

As discussed in chapter 3, the ADOT maintains a network of 14 permanent WIM
sites, five AVC sites and two additional AVC sites equipped with portable WIM systems
(i.e., the sensors are installed permanently, while the data acquisition system is portable).
In addition, the Arizona TPG maintains another six WIM sites, plus two AVC sites.
These WIM sites are equipped with either bending-plate or piezo-electric sensors and
were supplied by either PAT or IRD. The AVC systems come from PAT and they are of
the double loop plus axle sensor technology.

The on-site WIM calibration method used is a variation of the method prescribed
by the LTPP directive TDP-11 (April 1998). It involves successive passes of two 5-
axle semi-trailer (3S-2) test trucks. Typically, these trucks have flat-bed trailers and
similar suspension systems in their corresponding axles. The trucks are loaded near their
maximum GVW of 80 kips and their axle loads are measured using a static weigh scale.
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Initially, 10 runs are performed at a given speed, which is selected depending on the
speed limit at a WIM site. For these runs, errors are calculated as the percent difference
between the static load and the WIM measurements for each of the:

Steering axle.

First tandem axle .
Second tandem axle.
GVW.

The statistics calculated are the average and the standard deviation of the percent
errors for each of these four groups of measurements. A WIM system must yield
average errors lower than a prescribed level in each of these four groups of measurements
in order to pass. These levels of average error are set at +-5 percent for the bending plate
systems and at a slightly higher value for the piezo systems. If during this process,
consistent trends emerge in the average errors, calibration adjustments are made to the
WIM system. Once the calibration is completed and if the maximum average errors are
not exceeded, additional runs are performed using the same two trucks running at
various speeds, to verify that the average WIM errors remain within the prescribed range.
Otherwise, the particular WIM site is “shut-down” and no further data is collected from it
until it can be fixed. This calibration process takes about 2-3 hours per WIM site to
complete.

The statewide WIM data is post-processed at the office for quality assurance
using the methodology developed by Minnesota DOT (TRR 1364, 1994).”) For this
purpose, the consistent properties of the steering axle load of 3-S2 trucks is used, rather
than the consistent properties in the distribution of their GVW. In addition, the WIM
data collected for the LTPP sites is processed through the software package developed by
Chaparral Inc, which encompasses a wider range of QA tests than the Minnesota DOT
method.

The on-site calibration of AVC systems is done through visual inspection without
arigorous analysis of observed versus recorded vehicle classification data. No post-
processing of the AVC data is carried out for QA purposes.

Recommended Improvements

A number of recommendations are made for improving and expediting the ADOT
WIM and AVC calibration procedures. These include considering the effect of pavement
roughness and vehicle speed on WIM error analysis and using a video recorder for AVC
calibration, respectively.

Improved WIM Calibration Method
It is well documented that the variation in dynamic axle loads increases with

speed and roughness, hence affecting the magnitude of the WIM errors observed at a
given site. Experimental evidence (Papagiannakis et al., 1990)® has produced
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relationships that can be used to calculate the expected coefficient of variation (CV
percent) of dynamic axle loads as a function of pavement roughness (R in terms of
International Roughness Index (IRI) m/km)) and vehicle speed (V in m/km). These
relationships are plotted on figures 5.3 through 5.5 in terms of the CV of dynamic load
versus the vehicle speed for three levels of pavement roughness (i.e., smooth, medium
and high roughness). The two suspension types referred to in these figures are a rubber-
sprung walking beam and an independent air-ride, which represent extremes in dynamic
behavior (i.e., a leaf spring would exhibit a dynamic load CV between the two shown). It
should be evident that using test trucks with air-ride suspensions would reduce the
dynamic load variation and expedite the calibration process.

Dynamic Load CV vs Speed; IRI=1.40 m/km
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Figure 5.3. Dynamic load vs. vehicle speed; IRI=1.40 m/km.



Dynamic Load CV vs Speed; IRI=1.80 m/km
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Figure 5.4. Dynamic load vs. vehicle speed; IRI=1.80 m/km.
Dynamic Load CV vs Speed; IRI=3.20 m/km
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Figure 5.5. Dynamic load vs. vehicle speed; IRI=3.20 m/km.
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Another experimental observation is that replicate test truck passes (i.e., same
truck and speed) generate repetitive dynamic axle loads along the road. Hence, the
magnitude of the dynamic axle loads applied on a WIM sensor from successive replicate
truck passes are equal. This allows reducing the number of test truck passes for
achieving an initial WIM calibration. To take advantage of this properties, it is suggested
to carry out an initial analysis of the results by axle or axle group (i.e., tandems or triples)
rather than by averaging the errors. This procedure is explained below.

These findings allow the following calibration approach (after Papagiannakis et.
al, 1996).

1. Calculate the anticipated range in the WIM measurements for each
axle/axle group as the mean (i.e., static) load +- 2 standard deviations (i.e.,
calculated as the static load value multiplied by the CV obtained from
figures 1 through 3 for the roughness at the site and the speeds of the test
vehicles). This can be easily done at the office for all the speeds expected
to of the test trucks at the site, given its IRI roughness.

2. Perform one run of each test truck and compare the WIM measurements of
each axle/axle group and each vehicle to their anticipated range. There are
four distinct possibilities:

a. If all measurements fall outside the anticipated range and they are
all either higher or lower than this range, adjust system calibration
calculated as:

calibration factor adjustment =

It would be desirable to carry out this adjustment prior to continuing with
subsequent test runs.

b. If all measurements fall outside the anticipated range and some are
above, while other below, there are major problems with the WIM
system, either software (e.g., integration algorithms of piezo
signals) or hardware (e.g., damaged strain gauges of bending
plates. These problems are not likely to be solved through
calibration adjustments and will require a technician’s intervention.

c. If all measurements fall within their anticipated ranges, no
calibration adjustments are necessary prior to carrying a
subsequent test run by repeating step 2.

d. If some measurements are outside their expected range, while

others are inside, a judgement call must be made whether actions
corresponding to either (a) or (c) are to be taken.
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3. Once the desirable number of runs is carried out and condition (2c¢) is
satisfied for all runs and all speeds, it should be ensured that the
requirements of the TDP 11 Protocol are met, that is average WIM errors
are lower than the prescribed value percent for each axle group (i.e.,
steering, first tandem and second tandem) for all test speeds.

In summary, this approach allows expedient (i.e., several test runs) determination
of whether a WIM calibration problem exists and whether the problem can be solved via
calibration factor adjustments or there is a hardware/software problem present.

Improved WIM Data QA Method for Non-LTPP Sites

In improving the WIM data QA for non-LTPP sites, it is advised to use the
properties of the traffic stream to determine likely problems with the data. The simplest
approach is to use the steering axle load of the three-S2 trucks as an indicator of WIM
data quality. This is one of the tests used by the Minnesota DOT approach and does not
take into account problems with the vehicle classifying algorithms of WIM systems. It
has nevertheless been used successfully as a QA criterion (Ott et al., 1996)® and it is
used by a number of WIM manufacturers as a means of auto-calibrating WIM systems.
In establishing mean and standard deviation values for the steering axles of three-S2
trucks, it is advised to collect a small data sample at static weigh scales (e.g., 10-20 trucks
per season). Suggested static load locations are the major ports of entry at the four
boundaries of the State. It is understood that the ports of entry truck inspection stations
run independently of ADOT. However, it would take a small effort to convince them to
print and retain the small sample size required.

Improved AVC Calibration Method

As described next, AVC data collection should complement the WIM data
collection for the purpose of predicting AADT volumes and accumulated ESALs. For
this purpose, it is essential that AVCs are properly calibrated. It is recommended to use a
video camera for recording the vehicle classification of the traffic stream, instead of
relying on visual observations. This can be done using a household-grade video camera
set on a tripod on the side of the road. The clock on the camera can be synchronized with
the clock on the AVC system. Even recording over a short period of time (e.g., while
visiting an AVC site) would allow a far more accurate calibration of the AVCs than as
compared with visual observation. The data should be post-processed at the office by at
least two observers and the manual classification procedure compared to the AVC to
decide on its accuracy.
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SURVEY OF OTHER AGENCIES

For comparative purposes, a number of State Highway Agencies were surveyed to
determine how they calculated ESALs. The survey was submitted to 15 agencies and 11
responded. The following questions were included in the survey:

1. Does your State use ESAL computations for pavement design and rehabilitation?

Yes:

No:

2. What type of types of data do you use to come up with the ESAL table values? (Will you
Sfax us the first page of your ESAL table for an example?)

a.) Do you use a single ESAL table for all design locations within your state or is a
different ESAL value computed for different locations based upon load
information for that location?

3. Do you break down ESALs by vehicle classification

4. Do you apply average ESAL factors to the vehicles in each classification? What are they?
5. Do you use growth factors to expand ESALs to design years?

6. Do you use WIM data? If not, what do you use for load data?

7. Are there links between Pavement Management System (PMS) data and the ESAL tables?

a.) Are your growth factors for PMS the same for ESAL growth factors?

8. How much confidence do you have in the values you use for pavement design and rehab?

Survey States comments if any:

The complete responses to these surveys can be found in appendix C, but the
results have been summarized in table 5.8.

Every agency that responded said that they did use ESAL computations.
However, in reviewing table 5.8, that is about the only thing they all had in common. On
the whole, most States use WIM data as a method of determining or confirming ESAL
values for different vehicle types, and use different ESAL values for different locations.
The level of confidence in the resulting values ranged from fair to high. The project team
found the methodology employed by Kentucky of particular interest. As mentioned
previously, the detailed response from each agency can be found in appendix C.
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CHAPTER 6: PREPARE NEW ESAL DESIGN TABLES

This chapter describes the format of the new ESAL tables, including the relevant
analyses. A complete Users Manual can be found in appendix D.

DATA INPUTS

Three electronic files provided by the Arizona TPG were implemented into the
ESAL design tables. Information from these files was supplemented by data collected at
the LTPP and TPG AVC and WIM sites. The first file was TR9397C.xls., which contains
detailed segment location information, the number of lanes for each segment and the
AADT and percent commercial vehicle values for each segment from 1993 through 1997.
The second file was Vcls9704.xls, which contains classification station location data and
the break down of the percent of each vehicle class 1-13 for each station to be applied to
the 1997 data. The third file was 1rfc7497.xls, which contains the segment location
information and the AADT value for each segment dating back to 1974.

The LTPP WIM data was extracted from the Western Regional Information
Management System (RIMS) for all years through 1997. A number of investigations into
this data were performed as described in chapter 5, including: comparing WIM data from
adjacent systems near Phoenix; determining average ESAL factors per vehicle, per
segment, and per pavement type; and calculating growth factors for ESALs.

Data was submitted from the four TPG functional WIM sites in Arizona for the
years of 1997 and 1998 (except for site 9003, S.R. 95 MP 115EB, for which only 1998
data is available). All four sites are equipped with IRD piezo cable systems. This data
was processed using the traffic software developed in the LTPP Program following the
same methodologies used to process the data collected at LTPP sites.

As the WIM sensors were in the LTPP test lane, the above data only applied to
the test lane. Truck classification as a percentage of total trucks was calculated and then,
truck type as a percentage of total traffic was calculated for the test lane using the
provided data.

As previously discussed, tables 5.3 and 5.4 show the AVC/WIM systems that
were contained in each classification station. In instances where the relationship was 1:1,
the TPG values for percent trucks in vehicle classes 4-13 (from Vcls9704.xls) were
replaced with the values from the AVC/WIM systems. For the classification stations
within which multiple AVC/WIM systems were located, the AVC/WIM data was
averaged and then replaced the data from Vcls9704.xls.

ESAL values for each station were determined in similar fashion. Stations within

which WIM systems were located had either the average values of all systems or the
distinct values from the one system applied to determine the ESALs per vehicle class 4-
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13. For classification stations in which no WIM systems were located, the average values
for flexible and rigid pavements (tables 5.5 and 5.6) were utilized.

A table was developed listing the types of data collected at the various segments
designated in the existing ESAL table. Particular attention was paid to those segments
that contained a WIM system. The factor group for each segment containing a WIM
system was determined.

KEY ASSUMPTIONS

The goal in the development of the ADOT ESAL tables is to report the most
accurate forecast of the traffic and axle loading on the ADOT roadway network. There
are, however, limitations due to the type of traffic data collection and limited traffic data
collection locations. The following are assumptions that the NCE team made during the
development of the new ADOT ESAL tables.

Directional Split

An assumption concerning ADOT traffic data is the directional split of traffic.
The assumption is that there is a 50/50 split in traffic (i.e., that the same number of
vehicles are traveling in one direction as the other). If this is not the case, then an
alteration to the ESAL table spreadsheet can be made to accommodate site-specific
information. However, no data that could be used to determine the directional split was
provided to the NCE team.

Necessary Pavement Structure Assumptions

The LTPP WIM data utilizes the site-specific pavement structure for calculating
the average ESALSs per vehicle type. The ESAL values can vary depending on
differences in the pavement type and structural section of each ADOT segment. This
difference can be observed for the same axle weight but for different pavement types,
(i.e., flexible and rigid pavement) and terminal serviceabilities, as shown in figure 6.1.

It is clear from figure 6.1 that the thickness of the pavement structure has a small
effect on the ESAL calculation regardless of pavement type, and using a terminal
serviceability of 3.0 instead of 2.5 has a similarly small effect. However, pavement type
(portland cement concrete (PCC) or asphalt concrete (AC)) has a significant impact on
ESAL calculation. The new ESAL table provides ESAL values for both PCC and AC
pavements based on the average ESAL per vehicle class calculated using the 1993
through 1997 LTPP WIM data. In the new ESAL table, ESAL values for both AC and
PCC type pavements are provided for each segment based on the recommendation of the
TAC.

The TAC requested that the project team investigate the impact of a condition of

terminal serviceability of 3.0 instead of 2.5. This was performed and it was determined
that at the legal load limits, there is very little difference. As loading increases past the
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legal limit, the ESALs are slightly less for the calculation based on 3.0 for both rigid and
flexible pavements. The relationship is not linear and increases with load (see figures 6.2
and 6.3).

Flaxible and Rigid Pavement ESALs VS Structural Number and Depth
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ESAL TABLES

Proposed Format for the New ADOT ESAL Tables
Three independent tables were developed for use by ADOT. The new ESAL
tables each contain 14 sub-tables in total. The only difference between each table is the

set of values used for the ESAL per vehicle class.

Average_ESAL_Table.xls uses either the measured or the averaged ESAL

values for classes 4-13 as described in the Data Inputs section.

ESAL_Table_One_Std_Dev.xls uses the measured or averaged values, plus

one standard deviation of the averages for each vehicle class.

ESAL _Table_Two_Std_Dev.xls uses the measured or averaged values, plus

two standard deviations of the averages for each vehicle class.

Some tables represent calculations and others represent the input location of
ADOT TPG and WIM data. This format of table interaction will allow the ESAL tables
to be used for years to come, and allow easy access of information necessary for traffic
engineering, traffic planning, and pavement design. Appendix F contains a stand-alone
that should be used to navigate through the spreadsheets. The following is a
brief description of important elements in the new ESAL table.

42




Site Information

This data (primarily taken from TR9397C.xls) contains the segment by segment
location, AADT and percent commercial vehicle information.

Cumulative One-way Flexible KESALs

This worksheet contains the cumulative thousands of ESALs (KESALs) for each
segment assuming that the pavement is flexible. These values are determined by adding
the previous year's KESAL total to the KESAL data for a particular year. Cumulative
values are calculated through the year 2020. This worksheet is different for the three
tables.

Cumulative One-way Rigid KESALs

This worksheet contains the cumulative thousands of ESALs (KESALs) for each
segment assuming that the pavement is rigid. These values are determined by adding the
previous year's KESAL total to the KESAL data for a particular year. Cumulative values
are calculated through the year 2020. This worksheet is different for the three tables.

AADT 1974-2020

This worksheet contains the AADT values provided by the TPG from 1974
through 1997 (from trfc7497.xls). The average percent growth factor is calculated using
the methodology described in chapter 5, and in instances where the percent growth is less
than 2 percent, it is adjusted to be 2 percent. Using this growth factor, the AADTS from
1998 to 2020 for each segment are calculated. No limit as to maximum growth factor
was utilized.

Capacity

This worksheet contains a simple logic check as to whether each segment has
reached its capacity based on the following assumptions:

Using the 1994 Highway Capacity Manual, the capacity for each segment was
calculated. Because capacity is primarily an issue in urban areas, the assumptions were
based on urban conditions. Following the equation:

capacity = 2200 vehicles per lane per hour/.08 = 27,500 vehicles per lane per day

As the number of lanes for each segment is known, the capacity was determined
for each segment for each year through 2020 (this is contained in the worksheet Total
Theoretical Capacity). If a segment is under capacity for a given year, the capacity
worksheet will contain the word "pass.” If it is at or over capacity, it will contain the
word "fail." After discussing the issue of capacity with the TAC, this method was
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adopted so that capacity issues could be identified but future calculations are based on the
assumption that additional lanes will be constructed to handle the additional traffic.

Rigid KESAL One-way

This worksheet contains the calculation of rigid KESALs for each segment for
each year beginning with 1997. This calculation is described below.

Rigid ESALs

This worksheet contains the ESAL factors for vehicle classes 4-13 for each segment,
assuming that the pavement is rigid.

Flexible KESAL One-way

This worksheet contains the calculation of flexible KESALs for each year
beginning with 1997. This calculation is described below, and includes, as instructed by
the TAC, a multiplier of 1.1 for the ESALs per vehicle for classes 9-13. This multiplier
is a safety factor to account for potential increases in tire pressure and vehicle weights.

Flexible ESALs

This worksheet contains the ESAL factors for vehicle classes 4-13 for each
segment, assuming that the pavement is flexible.

Standard Deviation of ESALs per Class

This worksheet contains the average, plus one and plus two standard deviation
values for flexible and rigid pavements. These values are the same as given in tables 5.5
and 5.6.
AADT Percent Growth for All Years

This worksheet contains the percent growth from year-to-year for each segment
beginning in 1974 and continuing through 2020.

Number of Lanes

This worksheet contains the number of lanes in each segment. This value is given
for each year between 1997 and 2020 to allow ADOT to evaluate the construction of
additional lanes in future years.

Percent of Each Vehicle Type

This worksheet contains the percentage of each vehicle class 4-13 for each
segment as determined in the most recent year this data was measured (1997).

44



ESAL Calculation

The site specific AADT is the basis or calculating ESALSs for the ADOT ESAL
table. To this, the nearest classification site/WIM site data available is applied to
calculate yearly ESALs. The calculation of the values for rigid ESALSs reported in the
ESAL tables are done in the following manner using equation 1.

(equation 1)

Yearly ESAL,eq = 0.5 * (AADTseg) * (365) * (% Trucks)*[(% VC4)*(ESAL4) +
(PVCS) * (ESALS) + ........ + (% VC13) * (ESAL13)]

The definitions of the variables for equation 1 are as follows:
ESALe,: Total yearly one-way ESALs for all lanes for a network segment.

AADT,e,: Average Annual Daily Traffic collected by ADOT for the total two-way
traffic for all lanes for a single network segment.

% Trucks: Percentage of trucks in the traffic system.
DVC(#): This is the percent of vehicle class (4-13) in the truck lane determined
from collected WIM data.

ESAL®#): This is the average ESAL of vehicle class (4-13) in the truck lane
determined from collected WIM data.

In order to calculate the flexible ESAL values, an additional factor of 1.1 is used
as a multiplier within the brackets for vehicle classes 9-13 as shown in equation 2. This
1.1 multiplier was suggested by ADOT TAC as a safety factor to account for potential
increases in tire pressure and vehicle weights. The KESAL values are determined by
dividing the ESAL., value by 1000.

(equation 2)

Yearly ESALgeg = 0.5 * (AADTseg) * (365) * (% Trucks)*[(% VC4)*(ESAL4) +
(PVCS) * (ESALS) + ........ + 1.1* (% VC9) * (ESAL9) + 1.1 *
(% VCI10) * (ESAL10) +........ + 1.1 *(% VCI13) * (ESAL13)]

COMPARISON OF CURRENT AND NEW ESAL TABLES

As a test of the new ESAL table, the 1997 and 2017 AADT values and cumulative
ESALs were compared with the same values from the existing ADOT ESAL table. This
comparison was carried out for 20 segments, the 10 with the highest AADT values and
the 10 with the lowest AADT values. Table 6.1 contains the results of the AADT
comparison and tables 6.2 and 6.3 contain the results of the cumulative ESAL
comparison for flexible and rigid pavements, respectively.
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As shown in table 6.1, there is a noticeable difference in the 1997 AADT values
for the existing ADOT ESAL table and the new ESAL table. This can be attributed to the
fact that the existing and new ESAL tables use two different sources of AADT data. The
existing ESAL table's 1997 AADT values are forecasted based on 1991 (or earlier)
AADT values and growth rates. The AADT values for the new ESAL table are from an
electronic version of the Traffic on the Arizona State Highway System 1997 provided by
the Arizona Department of Transportation. This difference is substantial and is amplified
further when projecting values for the 2017 comparison. As expected, values are much
more similar at high AADT values than at low AADT values. As mentioned previously,
the forecasted AADTs are not limited by capacity and there is no maximum growth rate.
Segment 874, for example, has a growth rate of 117.6 percent with a very low AADT.
High variability in year-to-year growth rate for segments with very low AADT is
expected.

As shown in tables 6.2 and 6.3, the cumulative ESALs comparison results mirror
that of the AADT comparison. It is important to note that the values are quite similar at
higher ESALs for the average ESAL table and that adding plus one and plus two standard
deviations adds to the final ESAL values an additional 38 percent and 76 percent,
respectively. For the low volume roads, even when the table is off by 300 percent, that
only works out to be 600 ESALs (or 30 ESALs/year), which is not a significant
difference.

Based upon this investigation, it is the opinion of the NCE team that the approach
outlined for the new ESAL table is a valid one and does not go against the experience and
engineering judgement used in the development of the current ESAL table. This
comparison; however, brings out the importance of more frequent update of the ESAL
table in the future to incorporate new gathered data as it becomes available.

DEVELOPMENT OF ONE VALUE FOR ALL VEHICLES

At the request of the TAC, the project team was asked to provide a single ESAL
value for all trucks. Some city or county agencies (that only have the capability to collect
volume counts) come to ADOT asking for a single ESAL factor. To calculate this value,
the average ESALSs per vehicle class 4-13 was determined based on all WIM data
collected in Arizona. Then, the average vehicle percentages per class was determined.
These two values were multiplied together and then summed as shown in table 6.4.

The resulting value of 1.08 is the average ESALSs per commercial vehicle. As
discussed in chapter 4, in the existing ESAL table a value of 1.4 was used, which
included some safety factors for increases in tire pressure and vehicle weights. It is up to
ADQT to determine what value they would give to any agency, but the project team
recommends using a value of 1.2, which will provide a 10 percent safety factor.
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Table 6.4. Determination of a single ESAL value.

Vehicle Class Average ESAL Average % ESALS x
per Class Class Average % Class

4 0.87 4.8 0.04
5 0.21 21.8 0.04
6 0.82 10.4 0.09.
7 1.64 2.4 0.04
8 0.61 16.1 0.10
9 1.71 36.1 0.62
10 1.31 2.0 0.03
11 1.86 5.1 0.09
12 0.97 0.6 0.01
13 3.73 0.5 0.02

100 1.08
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CHAPTER 7: ASSESSMENT OF WIM AND AVC DATA NEEDS

EXISTING SYSTEMS

The current WIM and AVC systems installed in Arizona have been described in
chapter 3 and chapter 5 (see figures 3.1 and 3.2).

EQUIPMENT COST

The following estimated costs for the purchase, installation and maintenance of
AVC and WIM equipment are for one travel lane. Installation costs are based upon a
contracted bid for a turn-key operation. These estimated costs do not take into
consideration associated factors such as roadway maintenance, repair, and traffic delays.

There are many variables that may effect the cost of installing, maintaining and
calibrating AVC and/or WIM system. Probably the biggest variable will be the cost of
obtaining power and telephone service to the site. The estimated costs for these services
are based upon power and telephone service being within 20 feet of the site with an
estimated total cost of $14,000. Other variables that affect costs are; site selection, site
location, drainage, soil conditions, pavement conditions, in-roadway equipment
configuration, full freeway limits, contractor installation costs, traffic control
requirements, power and telephone line locations availability, equipment calibration,
available manpower usage and construction equipment usage. The actual costs will very
for each specific application, so these estimated costs should be used for relative
comparisons only.

These estimated costs are based upon information provided by California DOT,
Colorado DOT, Nevada DOT and from a presentation of WIM Technology — Economics
and Performance presented at NATMEC 1998 by Andrew J. Pratt (see the estimated cost
worksheets presented later in this section).

Estimated single lane installation and maintenance cost for AVC and WIM:

Permanent Automatic Vehicle Classifiers (AVC) type 2 Piezoelectric installation
cost per lane is $18,280, in addition:

® Telephone and power costs are estimated at $14,000.
® Per year maintenance cost for permanent AVC per lane is $2,000.
° Life expectancy for in-roadway sensor is estimated at 4 years.

Permanent WIM type 1 Piezoelectric installation cost per lane is $25,750, in
addition:
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e Telephone and Power costs are estimated at $14,000.

o Per year maintenance cost for permanent Piezoelectric WIM per lane is
$5,600.
® Life expectancy for in-roadway sensor is estimated at 4 years.

Permanent WIM, Bending Plate, constructed in a concrete pad installation cost
per lane is $87,730, in addition:

° Per year maintenance cost for permanent Bending Plate WIM per lane is
$5,600.
e Life expectancy for in-roadway Bending Plate WIM installation is

estimated at 10 years.
Cost Worksheets
1) AVC Piezoelectric:

These estimated installation costs for AVC are for two inductive loops and one
type 2 piezoelectric sensor in one lane of travel for both directions with roadside pull
boxes and conduit connection to a roadside control cabinet with power and phone line
connections and AVC classification equipment. No portable roadway or AVC
classification equipment were considered for this estimate. Permanent AVC equipment
can be removed from the cabinet and used at different locations where permanent in-
roadway equipment exists for short period classification and a portable operation. The
estimated maintenance costs do not include traffic data computations.

Equipment and Installation
By Private Contract

a. Control cabinets and mounts $3,300
b. Pull boxes 710
c. Detector loops 2,100
d. Power service 7,000
e. Telephone service 7,000
f. Mobilization 3,400
g. Traffic control 2,900
h. Conduit 3,350
i. Piezo type 2 cable 3,400
j. AVC equipment 3.400
Two-lane estimated costs = $36,860. The estimate costs for one lane is
$18,430.

Estimated maintenance costs per year per lane = $2,000. The life expectancy of
AVC in-roadway equipment is estimated at 4 years.
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2) WIM Cost Estimates:

Estimated costs are for in-roadway sensors: A. Piezoelectric, B. Bending Plate
WIM. No portable WIM on-roadway or WIM portable equipment were considered for
this estimate.

A. Piezoelectric WIM:

The Piezoelectric WIM was assumed to consist of two class 1 piezoelectric
sensors, two inductive loops and one temperature sensor for one lane of traffic being
monitored for both direction with roadside pull boxes and conduit connection to a
roadside control cabinet with power and phone line connections.

Equipment and Installation
By Private Contract

a. Control cabinets and mounts $6,500
b. Pull boxes 1,100
c. Detector loops 2,100
d. Power service 7,000
e. Telephone service 7,000
f. Mobilization 3,400
g. Traffic control 2,900
h. Conduit 3,400
1. Piezo type 1 cable 8,100
j. WIM equipment 10,000 (Includes calibration acceptance
testing).

Estimated costs for two lanes = $51,500. The estimate for Piezoelectric for
one lane is $25,750.

Estimated maintenance cost per year per lane is $5,600 (includes one calibration
session). The life expectancy of WIM piezoelectric in-roadway equipment is estimated
at 4 years.

B. Bending Plate:

The Bending Plate WIM sensors was assumed to be installed in a construction
100- by 12- by 1-ft concrete pad in a asphalt roadway. The in-roadway sensor was
assumed to consist of one bending plate frame with two bending plates with sensors, two
inductive loops, and one off scale sensor installed in one lane of traffic. Also, roadside
pull boxes and conduit connection to a roadside control cabinet with power and phone
line connections were assumed to be available.
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One lane installation costs estimates:

Equipment and Installation
By Private Contract

a. Control cabinets and mounts $6,500

b. Pull boxes 1,100

c. Detector loops 2,100

d. Power service 7,000

e. Telephone service 7,000

f. Mobilization 3,400

g. Traffic control 6,000

h. Conduit 3,500

1. Bending plate frame and plates 14,100

j. WIM equipment 15,000 (Includes calibration acceptance
testing).

k. Construction concrete pad 21,900

Estimated costs per lane = $87,600. For two lanes, installation is
$175,200.

Estimated yearly maintenance cost per lane is $5,600 (includes one calibration
session). The life expectancy for the Bending Plate installed in a concrete pad is
estimated at 10 years.

Recommendations

In deciding future investment in WIM/AVC operation, there are two
considerations :

° Maintaining the WIM/AVC sites available.
® Adding additional WIM/AVC sites to the ones already operating.

To address the first consideration, the operational condition (i.e., calibration
status) of the available WIM/AVC sites needs to be evaluated.

For the WIM systems at LTPP sites, the calibration status is routinely ascertained
through the QA process implemented by the Chaparral software. The WIM systems at
LTPP sites are very close together, especially on I-10 and I-19, for the purpose of
yielding network-wide traffic data samples. Furthermore, it may possible to obtain
national funding for rehabilitating some of these sites. As a result, it is recommended not
to expend State funding towards rehabilitating any of the WIM systems at the LTPP sites.

For the WIM systems at other than LTPP sites, a simpler method can be followed
for ascertaining calibration status. This can be done by testing the mean values of the
steering axle load of three-S2 trucks against the range established from either static weigh
data as already suggested under “WIM System Calibration” or, from WIM data, provided
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that it is obtained from an independently calibrated WIM system (e.g., WIM system at
LTPP site).

For the AVC systems, at LTTP or other sites, there is a need to improve the
“visual” calibration method currently used. For this purpose it is recommended to use
video technology as the ground truth. Currently there are no video systems capable of
classifying traffic based on the FHWA 13-bin classification scheme. However, this can
have the simple form of a household-grade video-camera on the side of the road followed
by manual counts from several independent observers. The advantage of a video system
is that it is portable and can be moved between AVC locations to cover the entire State.

To address the second consideration, an evaluation of the truck traffic levels
across the State needs was undertaken. Operating on the assumption that the greatest
need is in areas of the highest AADTSs where there is currently no AVC/WIM equipment
the list compiled in table 7.1 was developed. In addition to the AADT factor, the other
major factor was selecting classification sites that currently have no AVC/WIM systems
located in their limits.

Some substitute locations for classification sites located above are: segment 76,
for classification site 136; segment 102, for classification site 64; segment 79, for
classification site 69.

In discussions with the TPG, seven ATRSs were purchased and installed that had
the capacity to collect classification data, but due to equipment and software problems
(not to mention the constant pounding of thousands of vehicles per day) there is only one
(on I-10 near Benson) that is currently capable of collecting vehicle classification
information. ADOT should investigate the cost of getting these ATRs to collect
classification data as was originally intended, and if there is a need to replace existing
ATRs, ADOT should do so with equipment that can collect classification data.

Table 7.1. Recommended locations for AVC/WIM installations.

Classification Traffic Segment Route 1997 AADT
136 1184 1-10 218,881
148 833 U-60 156,008
74 107* I-10 108,332
143 1104 SL-202 124,060
64 97* 1-10 37,495
69 1001 1-10 102,850
144 610* S-77 46,000
68 569 S-87 49,624
39 628 S-89 37,696
107 419 SB-40 34,000

*Existing ATR within this segment.
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Before acting on these recommended installations, ADOT should revisit the
assignment of particular traffic segments to the various classification sites. Additional
weight should be given to sites containing AVC/WIM systems. If these assignments
(segmentation) are revised, perhaps there would not be as strong a need for some of the
installations (for example, recommendations for four installations in I-10 are in table 6.4,
when there are already five existing systems on I-10 related to the LTPP program).

56



CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

Arizona DOT does a fine job collecting as much traffic information as their
budget allows. As funding becomes available, the following recommendations would be
worth pursuing:

J Increase the frequency with which classification counts are taken
(annually would be ideal).

® Increase the duration of the classification counts.

e Have all counts be collected with automated equipment and use manual
classification (in association with video cameras) as a method of
calibration.

® Install new AVC/WIM equipment at key locations.

® Instrument all lanes at AVC/WIM locations to allow accurate counts of
percent trucks and AADT.

e Convert the ESAL tables from Excel spreadsheets to an interactive
database.

Other issues that should not wait for increased funding are:
e Revisit the traffic segments assigned to classification sites to place more

segments in classification sites with AVC/WIM systems.
® Calibrate of the TPG AVC/WIM equipment.

SUMMARY

This study resulted in the development of ESAL design tables that:

o Calculate annual ESALSs for flexible and rigid pavements.

e Predict annual growth and assesses the reasonableness of the prediction.

® Are interactive so that a manual change of one parameter will cause the
final ESAL calculation for that segment to be revised.

® Provide information regarding the capacity of each segment, with the
ability to update these values in the future if additional lanes are
constructed.

e Update ESAL values based on WIM data collected throughout Arizona.

® Provide a safety factor of +1 and +2 standard deviations for these ESAL
values.

In addition, the following information is also provided:

® Insight into the types of data collected by ADOT.
e Formal documentation of how AADT values are calculated.
e Recommendations on AVC/WIM calibration.
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® Recommendations on additional AVC/WIM installations.

® Determination of a single ESAL value for all trucks to provide other
agencies in Arizona.

e Information from 11 State highway agencies on how they determine and
utilize ESALSs.

J Cost information on installation and maintenance of different types of AC
and WIM systems.

The electronic files containing the three Excel spreadsheets (for three different
ESAL calculation methodologies) is provided to ADOT on a compact disk.
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